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H emorrhage continues to be the leading cause of potentially preventable death in trauma patients. 1Y4 Noncompressible torso hemorrhage (NCTH) occurs from vascular disruption of axial torso vessels, solid organ injury, pulmonary parenchymal injury, and/or injury to the bony pelvis. 5 It is currently estimated that NCTH accounts for 60% to 70% of deaths following otherwise survivable injuries. 1, 2 In both military and civilian populations, NCTH is a significant contributor to hemorrhagerelated deaths with mortality rates more than 40%. NCTH arising from the abdomen is the leading cause of preventable death on the battlefield. 6 A recent evaluation of the National Trauma Data Bank reported a 45% mortality rate from civilian Level 1 trauma centers for patients with NCTH. 7 In addition, delay in time to laparotomy in patients with major abdominal hemorrhage is a significant contributor to patient mortality, with every 3-minute delay increasing mortality by 1%. 8 Often, these patients present in extremis requiring resuscitation and emergent intervention for hemorrhage control. If hemorrhage is not treated promptly, patients rapidly progress to cardiovascular collapse and death. The bottom line is that rapid hemorrhage control is a cornerstone of current therapy.
The concept of aortic occlusion in the setting of NCTH originating from the abdomen and pelvis is neither new nor novel. Multiple previous case series have documented the advantages of aortic occlusion in patients with hemorrhagic shock and significant intra-abdominal hemorrhage from solid organ injury, disruption of a named axial vessel, and/or pelvic fracture with ring disruption. 9Y12 Physiologically, occlusion of the aorta during hemorrhagic shock results in increases in coronary blood flow, cardiac output, mean arterial pressure, carotid blood flow, and partial oxygen pressure of the brain.
13Y15
In the setting of trauma, the means by which aortic occlusion has classically occurred is in the setting of resuscitative thoracotomy with aortic cross-clamping (RT). The technique of RT is maximally invasive, and survival rates remain less than 10% in modern series. 16, 17 Much like RT, resuscitative endovascular balloon occlusion of the aorta (REBOA) supports proximal aortic pressure and minimizes hemorrhage, allowing for resuscitation and surgical repair of hemorrhage. Currently available aortic occlusion balloons were initially developed for use in the setting of ruptured abdominal aortic aneurysms (AAAs), a clinical scenario that is similar to NCTH in trauma. The treatment of ruptured AAAs also started with thoracotomy as a means to obtain proximal aortic control years ago and has now progressed to the use of intraaortic balloons. The utility and effectiveness of REBOA has been well established in the setting of ruptured AAAs.
18Y20
However, their effectiveness and utility in the trauma population have not been well documented. Several recent case series reporting on the use of REBOA in the trauma population have demonstrated that REBOA is a technically feasible method for rapid aortic occlusion for the treatment of NCTH arising from the abdomen or pelvis. 21, 22 The purpose of our study was to compare RT with REBOA in trauma patients with profound hemorrhagic shock caused by NCTH.
PATIENTS AND METHODS
Trauma registry data were used to identify all adult patients (age Q 16 years) undergoing RT or REBOA during an 18-month period beginning January 01, 2012, from two Level 1 trauma centers (Texas Trauma Institute, Memorial Hermann Hospital, University of TexasYHouston, and R Adams Cowley Shock Trauma Center, University of MarylandYBaltimore). Patients undergoing RT with penetrating chest trauma or suspected or confirmed intrathoracic hemorrhage were excluded from the study because these patients are not considered candidates for REBOA. The presence of these exclusion criteria was determined by chart review of all RT patients. Demographic data, mechanism of injury, Injury Severity Score (ISS), Abbreviated Injury Scale (AIS), admission vital signs/laboratory values, mortality, and outcomes were obtained from the trauma registry for all study patients. Early deaths were defined as those occurring within 24 hours of hospital admission. The Denver Multiple Organ Failure (MOF) score was used to define organ failure. 23 The 18-month study period selected reflects a time of transition in practice for both of our centers. Trauma surgeons at both institutions were trained in the insertion of REBOA between August 2012 and March 2013. Three of the trauma surgeons were trained at the Endovascular Skills for Trauma and Resuscitative Surgery (E-STARS) course. 24 The remaining trauma surgeons were trained via a modified version of the Advanced Surgical Skills for Exposure in Trauma (ASSET) 25 course or via the Basic Endovascular Skills for Trauma (BEST) course. 26 All surgeons were required to demonstrate proficiency with the technique in the skills laboratory before use in their respective trauma centers. Indications for REBOA placement at both institutions included refractory hemorrhagic shock caused by NCTH to include penetrating abdominal trauma and blunt trauma. A decision algorithm for REBOA insertion that was used at both institutions during the study period is depicted in Figure 1 . The decision to use RT or REBOA was at the discretion of the attending trauma surgeon. The presence or suspicion of a major intrathoracic injury is considered to be an absolute contraindication for REBOA insertion at both institutions. The choice of aortic zone of occlusion was determined by the attending trauma surgeon based on the results of the digital chest x-ray (CXR) and pelvic film, mechanism of injury, and Focused Assessment with Sonography for Trauma (FAST) examination. If the CXR result was negative and the FAST examination result was positive, a Zone I occlusion was performed. If the FAST examination result was negative and a pelvic fracture was present, then a Zone III occlusion was performed. Occlusion in Zone II was avoided in all cases (Fig. 2) .
Summary statistics of age, sex, type of injury, ISS, base deficit, and initial systolic blood pressure are presented by REBOA or emergency department (ED) thoracotomy group. 
RESULTS
During the 18-month study period, we identified a total of 92 patients who underwent RT at both institutions. Of these 92, we identified 72 patients who underwent RT for exsanguinating hemorrhage originating from the abdomen or pelvis and 24 patients who underwent REBOA for the same indication. A summary of the descriptive characteristics of the two study groups is displayed in Table 1 . There was no significant difference between the RT and REBOA patients in terms of sex, age, mechanism of injury, ISS, admission base deficit, or admission blood pressure. Of note, 21.3% (n = 16) of patients in the RT group were assigned an ISS of 75, while only 6.3% (n = 1) were assigned an ISS of 75 in the REBOA group. There was no difference in chest AIS score and abdominal AIS score between the RT and REBOA groups. However, the RT patients had lower extremity AIS score as compared with REBOA patients (1.5 [0Y3] vs. 4 [3Y4], p G 0.001). Among the patients undergoing RT, 27 patients had vital signs present on ED admission and 45 patients had absent or missing vital signs on ED admission. Among patients undergoing RT, 25 patients had sources of hemorrhage that would have been controlled with Zone 1 occlusion, 6 had sources of hemorrhage that would have been controlled with Zone III occlusion, and 41 patients had an unknown source of hemorrhage (Table 2) .
During the course of the 18-month study period, there was a relative decrease in the use of RT and a relative increase in the use of REBOA (Fig. 3) . The overall survival rate for patients in the REBOA group was 37.5% compared with 9.7% in the RT group, but a larger percentage of REBOA patients had vital signs present on admission as compared with the RT group (71% vs. 38%). Of the 72 RT patients, 45 (62.5%) died in the ED, 6 (8.3%) died in the operating room, and 14 (19.4%) died in the intensive care unit (ICU). Of the 24 REBOA Table 3 compares the causes of death in the ICU in the RT and REBOA groups. Of the 14 RT patients who survived to ICU admission, 10 (71.4%) died of hemorrhage within 24 hours of ICU admission, 2 died of multipleorgan failure, and 2 died from head injuries. The majority of deaths in the REBOA group (53.3%) occurred in the ICU. Among the REBOA patients who died in the ICU, one died of multiple-organ failure, and the remaining seven died of head injuries. Zone I occlusion was used in 19 patients (79.1%), and Zone III occlusion was used in 5 patients (21%). A breakdown of the REBOA patients by zones of occlusion is presented in Figure 3 . No Zone II occlusions were performed. Of the 20 patients who survived REBOA insertion in the ED, 15 (75%) underwent exploratory laparotomy, 4 (20%) underwent angiography with embolization, and 1 (5%) underwent exploratory laparotomy followed by angiography with embolization.
A comparison of RT survivors and REBOA survivors is presented in Table 4 . There was no difference in the survivors between the two groups in terms of demographics, admission base deficit, or ISS. Of note, while the numbers are small, a majority of the REBOA survivors (77.8%) were discharged home, while a majority of the RT patients were discharged to either a rehabilitation hospital (57.1%) or a skilled nursing facility (14.4%). There were no REBOA-related complications in this series of patients.
DISCUSSION
The concept of transient aortic occlusion followed by surgical intervention for hemorrhage control is not new. Proximal aortic occlusion, historically performed by direct aortic crossclamping via thoracotomy, can provide temporary hemodynamic stability by augmenting cardiac afterload and provide inflow control, permitting definitive injury repair. In 1976, Ledgerwood et al. 9 reported their experience with aortic occlusion via resuscitative thoracotomy with thoracic aortic crossclamping in the operating room before laparotomy in patients with hemorrhagic shock and massive hemoperitoneum with a survival rate of 24%. This was followed in 1979 by a report from Mattox et al. 28 of the use of RT in conjunction with laparotomy in the ED in 51 patients with intra-abdominal hemorrhage with a reported survival rate of 0%. Moore et al. reported their experience with this technique from Denver General Hospital in 1984 with an overall survival rate of 31%. 10 Finally, Wiencek and Wilson 12 reported on 26 patients with thoracotomy and aortic cross-clamping before laparotomy with a survival rate of 19%. In these case series, the authors noted the following: (1) aortic occlusion quickly restored the blood pressure ensuring blood flow to the heart and brain, 9,10,12,28 (2) aortic occlusion before laparotomy avoided catastrophic cardiovascular collapse that often occurs at laparotomy, 9,10 and (3) obtaining proximal aortic control before entering the ''hematoma'' decreased total blood loss. 9 The use of REBOA in the setting of hemorrhagic shock was first reported in 1954 during the Korean War by Lieutenant Colonel Carl Hughes. 29 Interest in the use of an intra-aortic occlusion balloon as a means to provide proximal aortic occlusion did not reemerge until the recent military conflicts in Iraq and Afghanistan. The Joint Theater Trauma System has recently released a clinical practice guideline recommending REBOA as an adjunct to control life-threatening hemorrhage as a selective alternative to RT in surgically capable theater facilities. 30 In addition, the increased availability and familiarity with endovascular skills have also played a role in the resurgence of REBOA. Aortic occlusion balloons are now routinely used in both open and endovascular repairs of AAAs. In addition, the use of REBOA in the setting of ruptured AAA has been shown to be highly effective at controlling hemorrhage until definitive repair can be performed and has been associated with an improved survival following ruptured AAA. 31Y33 The clinical scenario of hemorrhagic shock from a ruptured AAA is similar to what one might observe in a trauma patient presenting in extremis from massive hemoperitoneum. There are also reports of the use of REBOA in the setting of postpartum hemorrhage, 34 pelvic surgery, 35Y38 and hepatobiliary surgery. 39 In the setting of trauma, there are several case series reporting the use of REBOA for control of abdominal and pelvic hemorrhage. Gupta et al. 40 reported on the use of REBOA in 21 hemodynamically unstable patients with penetrating abdominal trauma. In this series, REBOA was inserted in patients with refractory hemorrhagic shock after 15 minutes to 20 minutes of fluid resuscitation. Eleven patients (50%) survived initial laparotomy, but only seven (33%) survived to hospital discharge. More recently, Martinelli et al. 22 reported on their experience with the use of REBOA in 13 patients with hemorrhagic shock from pelvic fractures. In this series, there was a significant improvement in patients'systolic blood pressure after insertion of REBOA (41 mm Hg after REBOA vs. 111 mm Hg after REBOA, p = 0.001) and a survival rate of 46%. In our initial case series of the use of REBOA in six patients with both blunt and penetrating trauma, we reported a survival rate of 66%. 21 Our reported experience with REBOA differs from that reported by both Gupta et al. and Martinelli et al. In the Gupta series, balloons were inserted in both the ED and the operating room after a 15-minute to 20-minute period of aggressive resuscitation. 40 In the Martinelli series, REBOA insertions were performed by a senior experienced interventional radiologist under fluoroscopy, not by the attending trauma surgeon. 22 In our series, the attending trauma surgeon placed the REBOA in the ED with digital x-ray capability only.
A detailed description of the technique of REBOA insertion is beyond the scope of this article; however, a technical description has been previously published by Stannard et al. 27 From a technical standpoint, trauma and acute care surgeons already possess the technical skills required to perform REBOA. Placement of REBOA can be divided into the following steps: (1) femoral arterial access, (2) balloon selection and positioning, (3) balloon Inflation, (4) balloon deflation, and (5) sheath removal. 27 Obtaining arterial access and the use of plain radiographs to determine device placement are standard practices for trauma surgeons. The additional endovascular skills required for sheath and wire insertion along with optimal balloon positioning can be easily and rapidly acquired with additional training. 24, 26 When using REBOA, the trauma surgeon must decide on which zone of occlusion should be used. The aortic zones of occlusion include Zone I (origin of the left subclavian artery to the celiac artery), Zone II (celiac artery to the lowest renal artery), and Zone III (lowest renal artery to the aortic bifurcation). Inflation of REBOA in Zone I is akin to thoracic aortic clamping that would be performed during resuscitative thoracotomy. As a rule, Zone I occlusion should be used in patients with suspicion of intraabdominal hemorrhage (i.e., positive FAST examination result), and Zone III occlusion should be used in patients with suspected hemorrhage from a confirmed pelvic fracture. In the current series, the majority of our patients had a Zone I inflation (79%), with Zone III inflation reserved for those patients with exsanguinating hemorrhage caused by isolated pelvic ring disruption (21%). We did not have any Zone II occlusions in this series.
Our purpose with this study was to compare RT with REBOA in patients with hemorrhagic shock caused by NCTH originating from the abdomen and/or pelvis. We demonstrated that REBOA is not only feasible in this patient population but also associated with an improved survival rate. Review of the current published literature reports survival rates ranging from 0% to 16.7% for patients undergoing RT in the setting of abdominal injury. 16 The published survival rates for REBOA in the setting of abdominal or pelvic hemorrhage range from 33% to 66%, which is comparable with the 37% survival rate in this study. 21, 22, 40, 41 There are several potential explanations for the improved survival rates observed in the REBOA group. One potential explanation is the minimally invasive nature of REBOA as compared with RT. While both REBOA and RT essentially provide equivalent aortic occlusion and similar physiologic results (increased blood pressure, increase myocardial and cerebral perfusion, proximal control to minimized hemorrhage), the means by which the aorta is occluded are drastically different. The performance of RT has obvious associated morbidity for the patient including uncontrolled hemorrhage from the thoracotomy site and hypothermia, which result from opening a second body cavity. In addition, in patients with an unfavorable body habitus or difficult exposure, clamping of the esophagus rather than the aorta can occur. In addition, physiologic markers such as serum lactate, pH, and PCO 2 have been shown to improve significantly in animal models using REBOA in the setting of hemorrhagic shock. 13, 15, 42 White et al. 13 compared 60 minutes of aortic occlusion with either RT or REBOA in a swine model of hemorrhagic shock, demonstrating that the use of REBOA was associated with less acidosis, a lower serum lactate, and lower fluid requirements compared with the use of RT. Finally, it has been our observation that the decision to perform an RT often does not occur until the patient has loss of vital signs. This is likely caused by the extremely invasive nature of RT. In contrast, we have observed that the decision to perform REBOA often occurs before loss of vital signs. This is likely caused by the relatively less invasive nature of REBOA and may contribute to the improved survival seen in this series. As evidenced by this series of patients, 71% of patients undergoing REBOA had vital signs present at ED admission as compared with only 38% in the RT group.
Another notable difference between the RT and REBOA groups was the location of death among nonsurvivors. The majority of RT deaths occurred in the ED, while only a minority of the REBOA deaths occurred in the ED. In fact, the majority of deaths in the REBOA group occurred in the ICU, and none of the ICU deaths in the REBOA group were attributed to hemorrhage. Among the REBOA patients who died in the ICU, one died of multiple-organ failure, and the remaining seven died of head injuries. This is in contrast to the ICU deaths that occurred in the RT group. Of the 14 RT patients who survived to ICU admission, the majority died of hemorrhage within 24 hours of ICU admission. The remaining ICU deaths in the RT group were attributed to either multiple-organ failure or head injury. From these data, one can conclude that patients who undergo REBOA are experiencing fewer early deaths caused by hemorrhage and they are surviving long enough to make it to the ICU where the majority succumbs to death from head injuries. In addition, RT patients who make it to the ICU are still succumbing to early death from hemorrhage. While we do not have data regarding the source of ongoing hemorrhage in the RT patients, trauma surgeons are all too familiar with the deadly triad of acidosis, hypothermia, and coagulopathy that commonly occurs in patients who undergo RT. Often, this bleeding from the chest occurs in the setting of a previously normal CXR result. This likely is a significant contributor to the high number of ICU deaths caused by hemorrhage observed in the RT group.
To be clear, there are still clinic situations in which resuscitative thoracotomy is indicated. Of the 92 RTs performed at these institutions during the 18-month study period, 22% were performed for suspicion of a major intrathoracic injury as the source for cardiovascular collapse. Any patient with a suspected or confirmed major intrathoracic injury and cardiovascular collapse should still undergo RT because this procedure allows for access to thoracic vasculature for direct clamping, release of cardiac tamponade, and/or temporizing management of cardiac or hilar injuries. The use of REBOA should be confined to those patients with suspected or documented exsanguinating hemorrhage arising from below the diaphragm.
This registry study is limited by its retrospective nature in that we have not been able to clearly identify certain variables including time from ED presentation to performance of either RT or REBOA. The definitive source of hemorrhage among patients who expired in the ED is missing in 41 patients. This is likely caused by the fact that patients arriving in the ED in extremis are never stable enough to go for definitive imaging and may expire before laparotomy. The time required to perform an RT or REBOA was not able to be ascertained in a retrospective fashion from the medical records. Brenner et al. 26 recently published the time to insert REBOA in the simulation laboratory and found that all of the REBOA trainees were able to insert the balloon in less than 5 minutes. REBOA insertions in the trauma resuscitation area are currently being videotaped at one of the institutions. When reviewing these insertions, there are some instances when the REBOA insertion is performed in less than 3 minutes, while other insertions took up to 15 minutes if arterial access was difficult to obtain. In the event that obtaining arterial access is taking an unreasonable amount of time, we would advocate moving to RT. In addition, obtaining accurate ISS and AIS score in patients who die in the ED is difficult, as complete imagining or exploration is frequently not conducted. In addition, other markers of severity of illness such as base deficit, serum pH, and lactate are missing from large numbers of patients, particularly those patients from both groups who arrived as cardiopulmonary resuscitation in progress. Finally, while the data do not reflect a statistical difference in overall severity of illness as demonstrated by ISS and AIS score between the RT and REBOA groups, given the small sample size, it is possible that the RT patients were more critically ill on presentation than the REBOA patients. There were more patients in the RT group that arrived with cardiopulmonary resuscitation in progress as compared with the REBOA group. This may contribute to the lower survival rate observed in the RT group.
CONCLUSION
Noncompressible hemorrhage from the abdomen and pelvis remains the leading cause of death from hemorrhage in both military and civilian trauma patients. The use of REBOA in patients with noncompressible hemorrhage from the abdomen and pelvis is feasible and effectively controls hemorrhage. In addition, patients undergoing REBOA seems to have at least equivalent overall survival and fewer early deaths as compared with patients undergoing RT. 
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DISCUSSION
Dr. Timothy C. Fabian (Memphis, Tennessee): The authors are basically attempting a risk-benefit analysis of a minimally-invasive versus a maximally-invasive maneuver of proximal vascular control. Both carry the insult of major ischemia/reperfusion injury. Thoracotomy has the risk of a second large wound into a separate anatomic cavity. REBOA risks femoral artery injury and balloon delivery through the aorta or into a branch vessel. This discussion will focus on feasibility and efficacy.
REBOA is certainly attractive in theory. It can provide proximal vascular control prior to releasing the abdominal wall tamponade with definitive laparotomy. It also avoids the exacerbation of hypothermia produced by two coelomic cavities entered with resuscitative thoracotomy. Thoracotomy is never pleasant in the emergency room. All of your balloon occlusions were performed in the emergency department.
Let me pursue a few technical points. In the manuscript you note that a prior report by Megan Brenner demonstrated that, in the simulation lab, REBOA was routinely accomplished in less than five minutes. While the simulator is quite effective relative to sheath, guide wire and catheter skills instruction, its fidelity relative to inguinal anatomy and the scenario of shock is weak.
I'm not sure the five-minute procedural times are commonly reproduced in the clinical scenario of a crashing patient undergoing intubation, venous access, and the general chaos associated with cardiovascular collapse.
In our modest REBOA experience with seven patients the femoral pulse is either very weak or absent. Do you utilize ultrasounds for arterial localization? And how many of your cases were able to have percutaneous femoral access versus open vascular exposure? Your experiences clearly demonstrate the feasibility of REBOA for management of the trauma patient with intraabdominal or pelvic injuries at the current state of endovascular equipment development.
I would now like to finish with the issue of efficacy. You reported a highly significant difference in survival. The last sentence in the manuscript states, ''Patients undergoing REBOA have improved overall survival and fewer early deaths as compared to patients undergoing resuscitative thoracotomy.'' While I suspect this may be true, I don't believe your data really supports that.
There are, indeed, no statistical differences in ISS or mechanism of injury in the total groups or in those that died in these groups, suggesting an apples-to-applies comparison. But as you noted at the end, more importantly, nearly twice as many thoracotomy patients arrived with CPR in progress V 53% versus 29%. I see more of an apples-to-oranges comparison in the two groups. Obviously, the only way to resolve the issue would be a randomized controlled trial and that will never happen.
Regardless of this criticism related to efficacy, I believe you are correct and REBOA should replace resuscitative thoracotomy for proximal vascular control in the management of severe abdominal and pelvic trauma. A very difficult question we face, however, is patient selection. We know the problem with a hypotensive patient with a ruptured AAA, not so much with blunt trauma or penetrating injury.
When is occlusion too much (i.e. unnecessary)? When is it not enough (i.e. unsalvageable)? We need to aim for the sweet spot, when it is just rightVeasy to say, but difficult to define.
Finally, could you speculate on future technological developments and the impact those will have on the REBOA applications? Thanks for this very important contribution that will almost certainly have a large impact on the management of non-compressible torso hemorrhage and, hopefully, improve patient survival.
Dr. Eileen Bulger (Seattle, Washington): I think as we introduce new technologies and new procedures it is absolutely critical that we evaluate them. And I would encourage you to include additional data, if you have it, in the paper.
Can you comment on whether you have any data alluding to how long it takes to get the REBOA in place compared to the time it takes to get a cross clamp on the aorta with a resuscitative thoracotomy? Do you have any data on how long the balloons were up in these patients? Whether there were any delays to getting an unstable patient to the operating room for laparotomy because you're taking a lot of time to try to get a REBOA up? Is that an issue? Is that a concern? And what is the complication rate with REBOA in your series?
I think all those things are important things that we need to know as we are adopting this technology. And I would echo, also, the patient selection concerns and the comparison.
Without physiologic data I think it is not fair to compare these patients to resuscitative thoracotomy patients who, again, are largely in cardiac arrest.
Dr. Ramyar Gilani (Houston, Texas): Dr. Moore, I really enjoyed your presentation and I just had a couple of questions that I wanted to ask about your experience.
Our experience has been that because of its minimally invasive nature, REBOA is employed much earlier in the algorithm in a patient who is in shock versus resuscitative thoracotomy. Do you have any data saying how many REBOA patients you had that had actually arrested? And, similarly, how many resuscitative thoracotomy patients were done in patients who had actual pulse but were just hypotensive?
My second question has to do with the similarities to ruptured aneurysms. The real power that we've discovered in treating ruptured aneurysms is in the treatment that remains endovascular for these patients. What happened to these patients after the hemorrhage control maneuver was employed in both groups, if you have any data on that? Thank you.
Dr. Zsolt J. Balogh (Newcastle, Australia): Great paper, Laura. I think it's a bit controversial but going to be a landmark publication. My question is regarding the future.
I think you are going to see a new epidemic of multiple organ failure because we're going to save patients who previously just died. And they're going to be the sickest patient on the ICU.
The other reason we're going to see that is if we are lowering the threshold of using this, causing severe reperfusion injury, basically this is the best way to generate MOF in the lab in rats, can you comment on this, please? Thank you very much, again.
Dr. Paula Ferrada (Richmond, Virginia): Dr. Moore, congratulations on a great paper. I wanted to ask your thoughts regarding training, proficiency, and availability for this novel technique. If you really think REBOA is the future, how do we make this technology available to every and any trauma surgeon locally and globally? Thank you.
Dr. Laura J. Moore (Houston, Texas): Thank you all for your insightful questions and comments. I will try to get to all of these.
Dr. Fabian, with regard to your comment and several other comments about time to performance. The only published literature about time to performance is from Dr. Brenner's paper on timing in the skills lab.
At both UT Houston and at Baltimore we have a video record all of our trauma resuscitations. The team in Baltimore has already started looking at the time it takes for the surgeon to insert REBOA in their institution. We are in the process of doing that as well as Houston.
